A plant community-level map of arctic Alaska was derived in a hierarchical fashion from the Circumpolar Arctic Vegetation Map (CAVM). The new map has 33 units described for Alaska, an increase from the original 13 units shown on the CAVM. The polygons of the new map refer through the legend to the appropriate dominant plant community described in a table. The table includes eighty-five plant community descriptions used in creating the Alaska portion of the CAVM, including dominant and characteristic plant species that define the community, literature citations for the descriptions and published plant community names. Researchers can use the literature citations to find more complete species lists, habitat descriptions and plot locations. The map is an important tool for research and management at the regional level. A 1 : 4,000,000 version of the map is available from the authors.
Introduction
Fifteen map units appear on the Circumpolar Arctic Vegetation Map (CAVM), 13 of which occur in arctic Alaska (CAVM Team 2003) . These units are circumpolar in distribution, and are described on the basis of the dominant growth forms of the plants that characterize each type. The data used to create the CAVM are much more detailed than could be displayed on the final 1 : 7,500,000-scale map, and include plant-community-level descriptions with literature citations. This paper demonstrates an approach for displaying this important detailed information in a hierarchical way within the CAVM legend, using Alaska as an example.
Methods
In creating the CAVM, a central problem in the mapping method was how to depict the large variation in vegetation that would occur in all map polygons at a 1 : 7.5 million scale. The solution was to map the zonal vegetation of a polygon. Zonal sites are areas where the vegetation develops under the prevailing climate, uninfluenced by extremes of soil moisture, snow, soil chemistry, or disturbance. Zonal sites are flat or gently sloping, moderately drained, with fine-grained soils. The vegetation of extensive non-zonal areas such as mountain ranges, large wetlands, and river systems was also mapped.
Most of the variation within a polygon was captured using a conceptual toposequence of dry ridge-tops, mesic zonal sites, wet meadows, snowbeds, and streamside sites (Fig. 1) . Lists of plant community descriptions were assembled, including plant community names (Braun-Blanquet association where described), common and characteristic species, and the literature citations. The dominant plant communities in each of the five toposequence positions were arranged into tables for each of five bioclimate subzones and eleven floristic regions (Walker 1999 . Bioclimate subzones are north-south subdivisions of the Tundra Zone, based mainly on summer temperatures (Elvebakk et al. 1999 ). There are three bioclimate subzones in Alaska (Subzones C, D and E), with southern boundaries corresponding approximately to mean July temperatures of 7, 9 and 12 o C, respectively (Fig. 2) . The two colder subzones (A and B) do not occur in Alaska. Floristic regions are east-west circumpolar subdivisions, based on the floristic provinces of Yurtsev (1994) . There are three floristic provinces in Alaska: Northern Alaska, Beringian Alaska, and North Beringian Islands (Fig. 3 ).
There were four tables for Alaska, one for each of the Alaska floristic provinces and an additional table for Southwestern Alaska. These tables could not be used directly as a legend, because there was redundancy between the tables and many of the communities occurred in patches smaller than the minimum mapping unit (10 km 2 ). Less common communities, such as those occurring on snowbeds and streamsides, were useful in describing the range of plant communities occurring in a polygon, but were not the dominant community mapped for a polygon.
The combined table lists the communities found in each bioclimate subzone, on each of the topographic positions, and on acidic and non-acidic substrates (Appendix A). When combining the tables, the original community descriptions from the literature were compared. If the community de- 
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Beringian Alaska Northern Alaska scriptions from two sources were similar and included similar dominant plant species, they were combined into one description with two literature citations. If two community descriptions had small differences, their appearance on the CAVM base image (CAVM separately; if they could not, they were mapped as the same unit, with both community descriptions included in the table.
In practice, most of the polygon boundaries shown on the new map already existed in the CAVM data set. Some were not visible on the printed version of the map because adjacent polygons with similar physiognomy were mapped together when using the 15 units of the CAVM legend. These polygons could be coded differently using the 33 unit plant-community legend. In addition to re-coding existing CAVM polygons, the new map also included a few changes to polygon boundaries. These changes were relatively easy to make due to the digital format of the map. Corrections were made to some polygon locations in the eastern Brooks Range to improve the map's registration at the larger scale and on Nunivak Island to include information from additional studies. Data were compiled on the wetland plant communities in Southwestern Alaska, so that polygon boundaries could be added to subdivide the largest polygon on the CAVM map of Alaska, the wetlands of the Yukon-Kuskokwim Delta. Two map units were stippled to portray differences in edaphic characteristics: G4.1, tussock tundra on a sandy substrate on the Arctic Coastal Plain, and W3.2, slightly brackish wet sedge on the coast of the Yukon-Kuskokwim Delta. A numerical suffix denoting the dominant plant community was appended to the original CAVM map code for each polygon ( 
Results
The new plant community map is shown in Fig. 4 . The legend for the map (Table 1) describes the map units, and references the appropriate plant communities in Appendix A. A total of 33 map units are now displayed for Alaska, compared to the original 13 units on the CAVM.
Map units B2.1, B3d.1 and P2.1 were unchanged from the units B2, B3d and P2 (respectively) on the CAVM. Acidic mountain complexes in bioclimate subzone E were divided into three units, differentiating between the mountains of the Brooks Range (B3e.1), those of the Seward Peninsula (B3e.2), and those of the Kuskokwim Mountains (B3e.3). Non-acidic mountain complexes were differentiated between the Seward Peninsula and St. Lawrence Island (subzone D, B4d.1 and B4d.2 respectively), and the Brooks Range and the Seward Peninsula (subzone E, B4e.1 and B4e.2 respectively). Non-acidic graminoid communities in subzone D were divided into three units, differentiating between communities of the northern Coastal Plain (G3.1), St. Lawrence Island (G3.2), and the Seward Peninsula (G3.3). Acidic graminoid communities in subzone E were divided into three units, differentiating between tussock sedge tundra on the sandy northern Coastal Plain (G4.1), tussock sedge tundra found throughout subzone E on ice-rich loess (G4.2), and fire-dominated successional communities of tussock sedge tundra on the Seward Peninsula (G4.3). Erect dwarf-shrub communities occurring in subzones D and E were divided into four units, differentiating communities found in the Brooks Range (S1.1), on the Seward Peninsula (more lichen dominated, S1.2), occurring on volcanic outcrops on the Yukon Delta (S1.3), and in the higher elevations of the Kuskokwim Mountains (S1.4). Low shrub communities in subzone E were divided into two units, separating out Salix and Betula communities (S2.1) from Alnus-dominated communities (S2.2). Wet sedge communities in subzones C and D were each divided into two units, differentiating between acidic (W1.1, W2.1) and non-acidic wetlands (W1.2, W2.2). Wet sedge communities in subzone E were divided into 7 units: acidic and non-acidic (W3.1 and W3.7 respectively) wet sedge on the northern Coastal Plain and Seward Peninsula, wet sedge on Nunivak Island (W3.6) and four types on the Yukon-Kuskokwim Delta (W3.2 Ð W3.5). A slightly-brackish type (W3.2) occurs along much of the coast of the Delta. Farther inland, increases in the elevation and the age of the landscape, and changes in hydrologic characteristics are accompanied by changes in sedge species. Unit W3.3 has inclusions of uplifted ice-rich permafrost areas with drier lichen-shrub vegetation. The wetlands along the Yukon and Kuskokwim Rivers are a complex of productive wet sedge meadows and tall shrub thickets (W3.4), with a bright red color-infrared signature on the CAVM base image. The type that occurred farthest inland (W3.5) is most similar to wet sedge types in other parts of Subzone E. A conceptual diagram of these vegetation types is shown in Fig. 5 .
Even at the 1 : 4 million scale, the map units are still heterogeneous, and only the dominant or characteristic plant community can be indicated. Each unit in the legend refers to one or more communities in Appendix A, which describes 85 common plant communities that occur along toposequences in the various subzones and floristic provinces. Appendix A lists the common or characteristic species by plant functional type: tall shrub, low shrub, erect dwarf shrub, prostrate dwarf shrub, graminoid (listed separately as sedge or grass if only one of these is important), forb, horsetail, moss and lichen. The community name used in the reference (Braun-Blanquet association if available), the literature citation, and the geographic location of the descriptions are also included in the table.
Conclusions
One of the most important and unique aspects of this plant community map is the inclusion of the table with its literature citations and BraunBlanquet associations. The link in the legend to the community number allows the user to read a more detailed description of the community type. A researcher needing additional details can use the literature citations and Braun-Blanquet associations to find the original community descriptions, which often contain more complete species lists, habitat descriptions, and in some cases, specific plot locations. This ability to return to the primary sources was invaluable in creating the combined table, and will be of great use to future researchers who use the plant community map of Alaska.
The digital format of the CAVM made it relatively easy to revise and build upon. It was possible to make corrections when new information was received, such as shifting polygon boundaries, or adding new polygons. The digital format also made it possible to develop a more detailed version of the map, building on the CAVM legend hierarchy.
Over 400 plant community types were described by the CAVM mappers in the circumpolar Arctic. Eighty-five of those occurred in Alaska, and were used to describe the 33 plant community types shown on the new map. Alaska is currently the only part of the Arctic where the source community types have been published, but lists of communities have been assembled into unpublished tables, by floristic province and bioclimate subzone, for most of the Arctic (Canada and Russia), and could be used to construct community-level maps similar to the one for Alaska. Application of this method to the circumpolar extent of the CAVM would result in valuable detailed information on regional variation in plant community composition within the 15 CAVM map units. A 1 : 4 million-scale version of the plant community-level map of arctic Alaska is being produced, with the map (Fig. 4 , larger scale and fully labeled) and legend ( (Walker 1985) bryophyte (Polytrichum strictum, (North Slope, Alaska).
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